It is known that the eigenfunctions of the finite integral equation with band limited difference kernel are the prolate spheroidal wave functions. When the band pass difference kernel was considered, no such well-known functions were found, except for the limiting case of zero band width. In this report we show that for large values of the center frequency the eigenfunctions corresponding to the band pass kernel are related to the prolate spheroidal functions.
Abstract.
It is known that the eigenfunctions of the finite integral equation with band limited difference kernel are the prolate spheroidal wave functions. When the band pass difference kernel was considered, no such well-known functions were found, except for the limiting case of zero band width. In this report we show that for large values of the center frequency the eigenfunctions corresponding to the band pass kernel are related to the prolate spheroidal functions.
1. Introduction. ( 1.4) and found a fourth order operator L1 which under some prescribed conditions will commute with the integral operator defined by Eqs. This method is in parallel to the method Stone et al. [3] used for solutions of the integral equation with the kernel of their second order filter.
2. Eigenfunctions for integral equation with band pass kernel of large center frequency.
From Morse and Feshbach [4] we find the expansion in prolate spheroidal coordinates of the Green function e'ka/R. If we equate the imaginary parts in this expansion, do the simple calculations for R and regard the two different notations in [4] and [1] , we get Now write cos" as = §(cos 2as + 1). Riemann's Theorem [5] shows that the integrals involving pairs of prolate functions vanish as a -» oo. After using the orthogonality property of S0"(c, s) and letting X = irX;(c)/2c we finally obtain u(t) = S0i(c, t) cos at; a large. 
1970] NOTES 525
For this special case of c -> 0 the S0"(c, t) in Eqs. (2.4) and (2.5) reduces to Pn(t), the Legendre polynomials, and for small c we find from Slepian [6] with eigenfunctions cos at and sin at respectively. For large enough values of a this will reduce to the degenerate eigenvalue X = 1 which may be related to our X = limc_0 (*"/c) (X0/2) = 1 and the corresponding eigenfunctions with n = 0, i.e., S00(0, t) cos at = cos at and Soo(0, t) sin at = sin at.
Comments.
It is clear that for practical purposes, the present results depend on how large a, the center frequency, should be. For this purpose we have attempted to calculate the integral in Eq. (1.1) with the kernel (1.4) for the available tabulated values of S0n(c, t) and X"(c) with n = 0, 1, 2 and 3 and c = 1,2, 4. The preliminary results tend to show that for a ~ 10c to 20c and c > -wn/2 the difference between the two sides of Eq. (1.1) is not more than 1 to 0.1 percent of the exact left side. This is not unreasonable when we consider that most authors assume such range for a and that the conditions c » mi/2 defines the essentially band limited functions.
